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ABSTRACT

Analyses are reported from a case-control interview study of incident
laryngeal cancer on the Gulf Coast of Texas. Study subjects were 183
white men with squamous cell carcinoma of the larynx and 250 frequency
matched controls. Occupational exposures were examined controlling for
potential confounding by cigarette smoking and alcohol consumption.
Significantly elevated risks were seen for men employed in the public
services industry [transportation, communication, utilities, sanitary serv-
ice; relative risk (RR), 1.6}; in metal fabricating (RR, 2.1), construction
(RR, 1.7), and maintenance (RR, 2.7) occupations; and for workers
potentially exposed to paint (RR, 1.8) and diesel or gasoline fumes (RR,
1.5). Elevated risks of border-line significance were seen for men em-
ployed as woodworkers/furniture makers (RR, 8.1) and for those with
occupational exposure to asbestos (RR, 1.5). When asbestos was cate-
gorized by intensity of exposure, a significant positive gradient was found.

INTRODUCTION

Previous investigations of laryngeal cancer have identified a
number of plausible occupational risk factors, but results have
been limited by small numbers of cases (1-4) or inability to
control for potential confounding by smoking, drinking, or diet
(5-8). The major risk factors for laryngeal cancer are tobacco
and alcohol consumption (5, 9-12), and a protective role of
fruit and vegetable consumption has been suggested (13). This
case-control study was conducted in an industrialized area along
the Texas Gulf Coast, where elevated rates of respiratory cancer
had previously been identified (14, 15), using control subjects
selected from the general population and from death certifi-
cates. The study thus provided an opportunity to evaluate
occupational risk factors among newly diagnosed cases of la-
ryngeal cancer while controlling for previously reported risk
factors.

MATERIALS AND METHODS

Laryngeal cancer cases were ascertained from hospital records and
tumor registries at participating (56 of a possible 67) hospitals in a
6-county area along the Gulf Coast of Texas (Brazoria, Chambers,
Galveston, Harris, Jefferson, and Orange). All diagnoses of primary
laryngeal cancer (ICD-9 161.X, 231.0) among white males aged 30 to
79 living in these 6 counties were selected from participating hospitals.
Medical records were abstracted to determine the histological type of
laryngeal cancer. Two hundred twenty living cases and 83 dead cases
were identified during the period of case ascertainment, July 1, 1975,
through June 30, 1980.

Controls were a stratified sample of white males without respiratory
cancer resident in the 6-county area and were frequency matched to the
cases by 5-yr age group, vital status, ethnicity, and county of residence
(e.g., Harris or other). The controls were selected from 3 sources: 113
deceased controls from the mortality tapes of the Texas Department of
Health; 215 living controls under age 65 from drivers license records;
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and 56 living controls aged 65 and over from Medicare records provj
by the HCFA .2

During 1980 and 1981, interviews with living patients, or with cly
relatives if the patients were decreased, were conducted by local int
viewers under the supervision of the Epidemiology Research
School of Public Health, University of Texas Health Science Centey a
Houston. Information was sought on lifetime history of tobaccg
alcohol use, usual dietary patterns approximately 4 yr prior to mtemew
lifetime occupational and residential histories, and demographic Char‘
actenstlcs

Interviews were completed for 153 living cases (69.5%) and 56 deag
cases (67.5%). The percentages of completed interviews were 62.8% f(,‘,
the dead controls, 60.9% for the drivers license controls, and 85,7% for
the HCFA controls. The reasons for noninterviews are presented j in
Table 1.

The usual number of cigarettes smoked per day and the number qf
years smoked were obtained from the questionnaire, and an esnmaze
of lifetime cigarette exposure (packyears) was calculated as the product
of these two variables. Mean lifetime consumption of beer, wine, and
hard liquor was ascertained from the questionnaire. Average weekly

ethanol intake was estimated by assuming that 1 fluid oz of beer, wine,
and hard liquor yields 1.1, 2.9, and 9.4 g of ethanol, respectively (16),
Total ethanol consumption was calculated by summing the contribution
from all three types of alcoholic beverages. This total was then con:
verted into hard liquor equivalent drinks (in fluid ounces per week) for
ease of interpretation. The dietary section of the questionnaire, used
only in direct interviews, sought information about usual adult diet 4
yr prior to interview. All responses were converted to the average
number of times the food item was eaten per week over a year interval
Frequencies of consumption for the food group fruits and vegetables:;
were formed by summing the frequencies for the appropriate food
items.

The name of the employer, job title, and duties were collected for::
each job held for 6 mo or longer. As a measure to limit the length of "
the interview, it was decided to collect information only on jobs held :
after 1939. While this allowed us to ascertain adult jobs for nearly all
of the subjects and to obtain information on any exposures that might :
have been unique to World War 11, it did restrict our ability to analyze ::
exposures by year of first exposure, since 70% of the study subjects’
first reported year of employment was in the decade 1940 to 1949. '

Sixteen industrial and 24 occupational categories were formed based
on the major groups in the SIC system (17) and the DOT (18). Only
those categories reported by 45 or more study subjects (12 industrial -
and 8 occupational) are included in this report. In addition, potential
high-risk occupational categories were identified by reviewing the pub-
lished literature (1, 2, S, 6, 11, 19-23), Presented are the 13 specific
occupations reported by 5 or more study subjects. Finally, 12 chemical
and physical agents were identified which have been previously associ-
ated with an excess risk of laryngeal cancer or as being present in
industries linked to laryngeal cancer (1, 2, 6-8, 11, 19-23). One of the
authors (P. A. S.), an industrial hygienist, classified job titles for
potential exposure to each substance. Assessments were made based on
a general review of the literature and on personal experience without
knowledge of the case/control status of subjects. Summary exposure
variables for ever/never exposed, number of years exposed, and year
first exposed were generated for each agent per study subject.

The measure of association between variables of interest and Jaryn-
geal cancer was the RR, approximated by the odds ratio (24), with 95%

? The abbreviations used are: HCFA, Health Care Financing Administration:
SIC, Standard Industrial Classification; DOT, Dictionary of Occupational Titles:
RR, relative risk; CI, confidence interval.
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*
Table 1 Reasons for noninterviews of cases and controls by vital status

Cases Controls
Living Dend Living Dead
Reasons for % of % of % of % of
noninterviews No identified No. identified No. identified No. identified

y reason 67 30.5 27 325 92 33.9 42 37.2
]quondent refusal 27 12.3 7 8.4 45 16.6 12 10.6
nable to locate respondent 28 127 10 12,1 24 8.8 16 14.2
Rgspondenl lived outside study area 9 4.1 9 10.8 23 8.5 13 11.5

ysician refusal 2 0.9 0 0 0 0 0 0
tudy procedures not followed 1 0.5 1 1.2 0 0 1 0.9

C1Is calculated according to the method described by Gart (25). Binary
jogistic models were used to calculate risks for the occupational vari-
ables of interest (26, 27). Cigarette smoking (less than 60 packyears
yersus 60 or greater) and alcoholic beverage consumption (less than 21
drinks per wk versus 21 or greater) were included in all models to adjust
for potential confounding. Finer categorizations of the smoking and
alcohol variables were not included in the logistic model because they
did pot substantially alter the occupational risk estimates. Other vari-
ables including vital status, age, education, county of residence, and
fruit and vegetable consumption were examined and found not to be
confounders of occupational risk factors. Mantel’s (28) extension test
two-talled) was used to test occupational factors for a trend in duration
or amount of exposure.

The final study population consisted of 183 (136 living, 47
dead) cases and 250 (179 living, 71 dead) controls after exclud-
ng 26 cases without histologically confirmed squamous cell
umors. The median age at diagnosis was 62 yr for the cases,
and the median grade of school completed was 12 for both
cases and controls. To assess the potential for confounding by
moking, alcohol, and diet, we examined each of these factors
ndependently and in a logistic model with occupation. Cases
were more likely than controls to have used cigarettes (RR, 4.7,

ikely to have eaten fruits and vegetables (RR, 0.6; CI, 0.3 to
.8; and RR, 0.7; CI, 0.4 to 1.3 for moderate and high con-
. -sumption, respectively). A detailed evaluation of risks associ-
ated with tobacco and alcohol (including their interactions) and
with dietary factors will be reported separately. Since diet did
" not affect the occupational risk estimates, it was not included
. with smoking and drinking in the logistic analysis.
©Relative risks were calculated for the 12 industrial and 8
- occupational categories with at least 45 subjects ever employed
“(Table 2). Although petroleum and chemical manufacturing
.zand shipbuilding were hypothesized to be high-risk industries,
the adjusted RRs for men ever employed in these industries
-“were unremarkable (RR, 0.9 and 1.0, respectively). Significantly
elevated risks were seen for the industry category of transpor-
- tation, communication, utilities, or sanitary services (RR, 1.6),
which is hereafter referred to as “public services,” and for the
occupations of construction (RR, 1.7) and metal fabricating
(RR, 2.1).

In the public services mdustry, the risk was most prominent
among men employed in water transportation (20 cases, 9
controls), particularly marine cargo handling. The risks for men
employed in public services did not vary substantially by dura-
tion of employment. Construction occupations (DOT Code 86)
included the following job titles: carpenters; brick and stone
masons and tile setters; plumbers, gas fitters, and steam fitters;
floor layers and finishers; glaziers; and roofers. The risks were
greater for men employed. in construction for 5 yr or longer

Cl, 2.8 to 9.9) and alcohol (RR, 2.1; CI, 0.9 to 5.3) and less.

(RR, 2.1; CI, 1.2 to 3.9) compared to 4 yr or less (RR, 1.2; CI,
0.6 to 2.7). In the metal-fabricating category, elevated risks
were found among boilermakers, sheetmetal workers, riveters,
fitters, and structural maintenance workers. Risks did not differ
by duration of employment in these jobs. Analysis by year first
employed in construction, metal fabricating, and public service
found that risks were generally higher for men starting employ-
ment after 1949 (30% of the workers) than for those employed
during the 1940s (70% of the workers).

Relative risks were also elevated for most occupational cate-
gories previously linked to laryngeal cancer in at least one
epidemiological study (Table 3). In particular, the risk for
maintenance workers was significantly elevated (RR, 2.7), while
the increased risk for woodworkers/furniture makers, based on
seven cases and one control (RR, 8.1), was of borderline signif-
icance. Men employed for 5 or more yr in maintenance (RR,
5.8; CI, 1.5 to 22.0) were at higher risk than those working less
than S yr (RR, 2.0; CI, 0.7 to 5.7). The risk was greater for
those employed during the 1940s (RR, 6.1; Cl, 1.6 to 22.9)
than for those starting work after 1949 (RR, 1.9; CIL, 0.7 to
5.5).

Table 4 presents the crude and adjusted RRs for laryngeal
cancer associated with potential exposure to selected chemical
and physical agents, based on data available on 180 cases and
250 controls. Exposure data for 3 cases included in the earlier
analyses were not available. Nonsignificantly elevated risks were
associated with exposure to chromium (RR, 1.4), wood dust
(RR, 1.5), and the category of glue, lacquer, varnish, and dyes
(RR, 1.4). Significantly elevated risks were seen for men with
potential exposures to diesel/gasoline fumes and vapors (RR,
1.5) and to paint (RR, 1.8). The risk associated with asbestos
exposure was also elevated (RR, 1.5), but of borderline signifi-
cance.

In order to examine induction and latent period effects, Table
5 presents risks associated with exposure to paint, diesel/
gasoline fumes, and asbestos by period of exposure. No clear
patterns of risk were evident by either duration or time period,
although the number of subjects exposed after 1949 was small.
When subjects were classified according to their highest level
of diesel/gasoline exposure (e.g., low versus high), there was no
effect of intensity. However, there was a significant trend (P =
0.024) when subjects were categorized according to their highest
level of asbestos exposure. RRs were 1.2 (CI, 0.7 to 2.1), 1.5
(CL, 0.9 to 2.5), and 2.8 (CI, 1.0 to 7.9) for low, medium, and
high intensity, respectively.

DISCUSSION

As part of an investigation into the high rates of respiratory
cancer in an industrialized area of the Texas Gulf Coast, our
case-control study provides information on a large series of
histologically confirmed incident cases of squamous cell carci-
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Table 2 RR of laryngeal cancer iated with ever employed in broad industry and occupation categories
No. of No. of Crude Adjusted I

Industry siIC* cases controls RR’ RR® 95% CI°
Agticulture 01-07 24 42 0.75 0.92 0.52-1.62
Construction 15-17 62 62 1.55 1.45 0.93-2.24
Manufacturing 20-27, 30-32, 38, 39 37 44 119 1.05 0.63-1.75
Metal manufacturing 33,34 24 24 1.42 1.34 0.71-2.50
National security 97 88 133 0.81 0.72 0.48-1.08
Qil/gas extraction 13 18 31 0.77 0.88 0.46-1.67
Personal service 70-79 38 57 0.89 0.96 0.59-1.56
Petroleum refining/chemical manufacturing 28,29 47 70 0.89 0.93 0.59-1.46
Professional/government services 60, 67, 80-96 48 78 0.78 0.82 0.53-1.28
Shipbuilding/repairing 373 23 30 1.05 1.03 0.56-1.89
Transportation, communications, utilities and 40-49 63 58 1.74 1.62 1.04-2.51

sanitary services
Wholesale/retail trade 50-59 77 100 109 1.11 0.74-1.67
Occupation DOT

Agricultural, fishery, forestry 40-45 27 51 0.68 0.77 0.45-1.31
Clerical/sales 20-29 70 99 0.94 0.99 0.66-1.49
Construction 86 51 48 1.63 1.70 1.06-2.72
Mechanic/machine repair 62, 63 34 46 1.01 1.08 0.65-1.81
Metal fabricating 80, 89 34 24 2.15 2.11 1.17-3.78
Professional, technical, management 00-19 87 13t 0.82 0.91 0.61-1.36
Service occupations 30-38 69 101 0.89 0.83 0.55-1.2§
Transportation ' 91 39 42 1.34 1.42 0.86--2.36

# Category codes for Standard Industrial Classification Manual (17) and Dictionary of Occupational Titles (18).
b All risks relative to risk for those never employed in that industry or occupation.
© Adjusted for smoking and drinking in a logistic model.

Table 3 RR of laryngeal cancer associated with ever employed in specific occupational categories

Other job titles designated as high risk but without sufficient numbers were: asbestos/insulation worker; asphalt worker; barber; cement worker/mason; metal
grinder/polisher; metal plater; molder/coremaker; paper worker; sheetmetal worker,

No. of No. of Crude Adjusted

Job title DOT* cases controls RR® RR* 95% CI°
Bartender 312 4 4 1.37 1.42 0.33-6.06
Boilermaker 805 5 1 6.99 7.42 0.82-66.93
Carpenter 860 19 15 1.82 1.67 0.80-3.47
Driver 292, 359, 919 15 12 1.77 1.69 0.75--3.83
Excavator 850, 859, 931 6 6 1.38 1.22 0.37-4.03
Farmer 400-407, 410, 411, 421 23 45 0.65 0.79 0.45-1.39
Machinist 600, 601 s 13 0.51 0.53 0.18-1.58
Maintenance 829, 891, 899 21 1 2.82 2.70 1.23-5.92
Mechanic 620, 638 kk} 46 0.98 1.06 0.63-1.77
Painter 741, 840, 845, 970 11 7 222 2.30 0.84-6.31
Plumber/pipefitter 862 15 14 1.51 1.90 0.86-4.19
Welders/cutters 81 18 18 1.21 1.46 0.71-3.01
Woodworker/furniture maker 665, 762, 763, 769 7 1 9.90 8.07 0.95-68.78

¢ Category codes from Dictionary of Occupational Titles (18).
® Al risks relative to risk for those never employed in that occupation.
¢ Adjusted for smoking and drinking in a logistic model,

Table 4 RR of laryngeal cancer associated with potential occupational exposures population, they are representative of deceased persons from

Exposed® the 6-county area. Occupational risk factors were not found to
No.of No.of Crude Adjusted . differ by vital status, so that adjustment for this variable was
Exposure cases controls RR RR 95% CI not necessary. This is consistent with other studies (29, 30)
AA;;:nic ;zs! ;; 411-2; “2 8-3;—%-(1)2 which have found that close relatives of white males are able to
St » o 98--2, : : s :
Chromiom 6 66 146 144 093223 report work histories fairly accurately, except for jobs held 1 yr
Diesel/gasoline fumes 79 85 1.52 1.50  1.00-2.26 or less (31).

g?::dl:y f‘;’:}?amish dre 32 3f f—;‘s’ f-gg g-:ff‘;ﬁo Occupational exposures based on employer, job title, and
, laqu N o K L.81-2, . N R . .
Oil/gre:ie 19 165 1.00 103 0.67-157 dutxe.s were_analyzed usm.g vanou§ categories of occupations
Paint 32 25 195 L79  1.00-3.22 and industries and potential chemical and physical exposures
Tulfuric acid Z a2 e AT as determined by an industrial hygienist. Although each agent
Vinyl chloride 4 4 1.40 1.70  0.40-7.29 may have been found in a variety of occupations and industries,
Wood dust 33 28 178 L51  0.86-2.67 and many occupations and industries were associated with more
® Excludes 3 cases with unknown exposures. than one exposure, the results of each analysis are discussed

For each specific exposure category risks are relative to those without that
specific exposure. separatel)!. . . . .
© Adjusted for smoking and drinking in a logistic model. Analysis of industrial and occupational categories revealed

significantly elevated risks for those ever employed in the public

noma of the larynx. In this study we have attempted to clarify services industry and in the occupations of metal fabricating,
the role of occupational exposures while taking account of maintenance, and construction. In the public services industry,
potential confounding by the major risk factors, cigarette smok-  excess risks were observed for those working in water transpor-
ing and alcohol consumption. tation, particularly marine cargo handlers, We could not impli-
While 28% of our control series were selected from death cate specific exposures in this industry, since a wide variety of
certificates and therefore are not representative of the general materials are shipped, including grains, petroleum products,
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Table 5 RR of laryngeal cancer by duration and time period of exposure to selected agents

No. of yr exposed

Time
period® <5 5-14 >=15 Unknown Total 95% CI
<1950 11(7, 11 500,2) 1.6(7,5) 0o, 1.6 0.8-3.2
1)

1950-59 20(2,2) 0(0,0) 00, 1) 1,0 33 0.6-18.9
>1959 o (4,0) 05(,3) 0(,1) ©,0) 1.9 0.5-7.4
Total 1.7 23 1.6
95% CI 0.7-3.8 0.7-7.4 0.5-4.8

esel/gasoline fumes? <1950 1.6 (25,27) 1.9(15,11) 1.8 (24, 22) 2, 6) 1.6 1.0-2.5

. 1950-59 3.9¢,3) 0.6 (1, 4) 1.3(2,2) 2.2) 2.0 0.8-4.8
>1959 1.0(1,2) 0(0,3) 0(0,2) 1) 0.3 0.1-1.6
Total 1.8 L3 1.6
95% CI 1.0-3.1 0.6-2.7 0.8-2.9
<1950 1.5 (16, 18) 1.9(17, 14) 1.2 (34, 45) 2,9) 1.3 0.8-2.0
1950-59 1.7(3,3) 573,1) o« (5, 0) 1) 4.9 1.6-14.7
>1959 0.3(1,5) 25@4,3) « (1,0) (1,0) L5 0.5-4.4
Total 1.3 2.2 14
95% CI 0.7-2.6 1.1-4.3 0.8-2.4

¢ Adjusted for smoking and drinking in a logistic model.

% Referent group is 148 cases, 225 controls without paint exposure.

€ Numbers in parentheses, numbers of cases and controls.

4 Referent group is 101 cases, 165 controls without diesel/gas exposure.
¢ Referent group is 92 cases, 151 controls without asbestos exposure.

and chemicals. An excess risk of laryngeal cancer has been
reported among men working at harbors in a case-control study
n:Denmark (8) and among dockyard workers in Italy (32).

An increased risk of laryngeal cancer among workers in metal
industries has been previously reported (19, 22, 33). Although
we found only a slight excess risk for industries involved in
metal manufacturing, the risk associated with metal-fabricating
pccupations was significantly elevated. The latter category in-
cluded jobs both in metal fabricating (riveters, fitters, tin and
copper smiths, sheetmetal workers, boilermakers, transporta-
tion assemblers, and body workers) and in structural work and
structural maintenance. Previous studies have also reported
¢levated risks of laryngeal cancer among sheetmetal workers
and maintenance personnel (1, 2).

Construction workers had a significantly elevated risk of
aryngeal cancer, as reported by others (1, 33). Within this
category the risks were elevated among plumbers/pipefitters
and carpenters, which is also consistent with other surveys (6).
These workers may be exposed to recognized or suspected
respiratory carcinogens including asbestos, various solvents,
wood dust, and formaldehyde.

Analysis of chemical and physical exposures revealed signif-
cantly elevated risks associated with potential exposures to
paint and to diesel/gasoline fumes and vapors. In addition,
nonsignificant increases in risk (RR, 1.4 or greater) were ob-
served following exposures to asbestos, chromium, wood dust,
and the category of glues, lacquers, varnishes, and dyes.

The risk associated with paint exposure (RR, 1.8) may be
elated in part to the risk following chromium exposure (RR,
1.4). Chromium, a pulmonary carcinogen in humans (34), is
one of the major pigments used in paint. Chromium exposures
occur during spray painting, which has been linked to respira-
ory cancer in one study (35) although not in another (36). The
ink to chromium, however, is tenuous in our study of 128
: exposed workers. The relative risk for the 53 workers with
" potential exposure to both chromium and paint was 1.7, but
. the risk was only 1.2 for the 75 workers exposed to chromium
alone. Although an evaluation of risk by duration of exposure
to paint detected no evidence of dose response, our findings are
compatible with surveys of painters, indicating an excess risk
of respiratory cancers including the lung (35, 37, 38) and the

larynx (21, 33). The risk for painters in our study was elevated,
but not significantly.

Workers exposed to diesel/gasoline vapors and fumes had a
significantly increased risk (RR, 1.5), although no dose-
response gradient was seen when analyzed by duration of ex-
posure. A similar but nonsignificant risk was seen for drivers.
An excess risk of laryngeal cancer has previously been reported
among workers exposed to vehicle fumes (6) and among profes-
sional drivers (2, 5, 8). Similar associations have been observed
for lung cancer (39-41).

Asbestos exposure has been linked to laryngeal cancer in
several studies (1, 3, 4, 6, 8), although the finding is not
consistent (19, 42). In our study, asbestos exposure was asso-
ciated with a nonsignificant increase in risk (RR, 1.5). Although
there was no clear dose response when analyzed by duration of
exposure, a positive gradient was found when asbestos was
categorized by intensity of exposure. Risks were also elevated
for occupational groups with potential exposure to asbestos,
i.e., boilermakers, sheetmetal workers, plumbers/pipefitters,
and carpenters.

Wood dust exposure was also related to laryngeal cancer
(RR, 1.5), but most of these workers (including carpenters and
woodworkers) also had exposure to glues, lacquers, varnishes,
and dyes (RR, 1.4). Wood dust exposure has been clearly related
to sinonasal cancers (43, 44), and excess risks for cancers of
the larynx (5, 45) and lung (46) have been suggested as well. In
a recent study of respiratory cancer in the wood industry, the
clevated risks appeared related to pesticide and phenol expo-
sures (47).

An increased risk of laryngeal cancer has been found in a
group of workers heavily exposed to sulfuric acid at a large
refinery and chemical plant in Louisiana (7). In contrast, we
found reduced risks among workers in petroleum and chemical
manufacturing industries (RR, 0.9) or with potential exposure
to sulfuric acid (RR, 0.8).

The case-control method is limited in the degree of specificity
that can be collected on occupational exposures. Beyond our
control is the difficulty in recalling information by self-respond-
ents and often the lack of knowledge by their next-of-kin. There
is also the potential for misclassification of chemical exposures.
The type and level of exposures may vary greatly among those
having a particular job title due to differences in the work
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processes, control systems, and protective measures. Further-
more, the occupational histories in our study were restricted to
employment after 1939. While this afforded an opportunity to
ascertain adult jobs for nearly all of the subjects, information
was not obtained on very early exposures, and the year of first
employment could not be assessed for those aged 70 to 79. As
in all studies involving multiple statistical comparisons, one
must be circumspect in interpreting results, since some signifi-
cant associations are expected to occur by chance alone. Further
caution is needed when cases and controls are not representative
of their respective populations, since not all of the area hospitals
or eligible subjects participated in our study.

Despite its limitations, our study was able to detect elevated
risks for laryngeal cancer associated with certain jobs and
exposures that could not be explained by differential patterns
of cigarette smoking, alcohol consumption, or diet, Further
research is needed to clarify the occupational determinants of
laryngeal cancer, thus enlarging our understanding of the
origins of this tumor, and enabling more effective preventive
measures.
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